GFP and β -Galactosidase Transformation Vectors for Promoter/Enhancer Analysis inDrosophila
BioTechniques 29: [726] [727] [728] [729] [730] [731] [732] (October 2000) Reporter genes are widely used in Drosophilato assay the expression patterns of enhancers and promoters in transgenic animals. The most commonly used reporter genes are the E. coli lacZgene, which encodes β -galactosidase ( β -gal), and the GFP gene, which encodes the green fluorescent protein of Aequoria victoria . One problem with current reporter gene transformation vectors is that the expression of the reporter can be strongly affected by the chromatin configuration at the site of insertion into the genome ("position effects") (13) . This leads to variability in Benchmarks expression among transgenic lines and requires that multiple lines be examined to accurately assay quantitative aspects of gene expression. Another problem is the limited number of restriction sites available for cloning, which can make the engineering of reporter constructs difficult.
We have constructed a series of improved P element-based GFPor lacZ transformation vectors for analysis of promoter and enhancer activity in transgenic Drosophila , which we call the Pelican vectors ( P -e lement lacZ /GFP-i nsulated Ca SpeR e n hancer vectors) (Figure 1 ). These plasmid vectors, derived from the pCaSpeR vector (8, 11) , contain several features that we have found to be useful for promoter/ enhancer analysis. To date, we have identified cis -regulatory regions in 11 genes using Pelican and its derivatives (Reference 4 and unpublished results).
The Pelican vectors are based on pCaSpeR-lacZ (5), which is derived from pCaSpeR (8) and pC4-AUG-β gal (14) . Unlike pCaSpeR-AUG-β gal (14) , pCaSpeR-lacZ was constructed with the reporter gene in tandem orientation with the whitegene (Figure 1 ), so that white regulatory sequences do not inappropriately activate reporter gene expression, which is particularly useful when studying gene expression in imaginal discs because of white promoter activity in the developing eye. The following features of the Pelican vectors constitute further improvements over some earlier reporter vectors such as pCaSpeR-AUG-β gal (14) .
Two copies of the insulator sequence from the gypsytransposon have been added, flanking the reporter gene (Figure 1) . The 0.4-kb insulator, which contains 12 binding sites for the suppressor-of-Hairy-wing [su(Hw)] protein (12) , has been shown to reduce chromatin effects when flanking a marker gene in transgenic flies (7, 9, 10) and to block some enhancers and silencers when placed between them and a promoter (1,2). We have found that line-toline variation in expression levels is substantially reduced for Pelican constructs, relative to comparable constructs in non-insulated vectors, allowing us to generate and maintain fewer transgenic lines for each construct. Occasional enhancer-trap effects do occur in Pelican-derived lines, although they appear to be reduced in frequency.
The gypsyinsulator sequences were amplified from D. melanogasterw 1118 genomic DNA by PCR. A 432-bp product with Pst I ends was generated with primers (5 ′ -CGGCCTGCAGATGCAT -CACGTAATAAGTGTGCGTTG-3 ′ and 5 ′ -CGGCCTGCAGCATGCTGTTGC -CGAGCACAATTGATCGG-3 ′ ) and cloned into the Pst I site of pCaSpeRlacZ, upstream of lacZ . A 420-bp product withMfe I ends was generated with primers (5 ′ -CGGCCAATTGACTAGT -CACGTAATAAGTGTGCGTTG-3 ′ and 5 ′ -CGGCCAATTGATCGGCTAAAT -GGTATGG-3 ′ ) and cloned into the Eco -RI site of pCaSpeR-lacZ, downstream of lacZ . Initial testing of an earlier version of pPelican, in which the upstream insulator was directly adjacent to the 3 ′ Pfoot, showed an 85% lower transformation rate in Drosophila , relative to pCaSpeR. We theorized that this effect was due to interference with transposition by su(Hw) protein bound to the insulator in injected embryos. Insertion of a transcriptionally neutral 383-bp DNA fragment between the insulator and the P-foot restored the transformation rate to a level comparable to that of pCaSpeR. The "spacer" fragment was PCR-amplified from coding sequence of the neomycin phosphotransferase ( neo ) gene with primers (5 ′ -GACCGGGTCAAGC -TTCCTAGGTCAAGACCGACCTGT -CCGGTGCCC-3 ′ and 5 ′ -GACCGGGT -CAAGCTTGGCGAACAGTTCGGCT-GGCGCGAGCCCC -3 ′ ) and cloned into a Hin dIII site to make the final version (16) and pStinger, pH-Stinger and pUAS-Stinger ( St able i nsulated n uclear e GFP vectors) express a novel nuclear-localized form of eGFP. In our studies of the development and morphogenesis of the mechanosensory bristle, we have found that nuclear eGFP is ideal for identifying the number of cells expressing the reporter, while non-nuclear eGFP is useful for determining cell shape and position. Transgenic lines carrying our GAL4-inducible nuclear eGFP construct (UAS-Stinger) are useful for visualizing the expression pattern of GAL4 constructs and GAL4 enhancer trap lines. See www.biology.ucsd.edu/labs/ posakony for images of Pelican, Stinger and UAS-Stinger expression.
eGFP[including the simian virus 40 (SV40) tpolyadenylation sequence] was excised from the plasmid pEGFP-1 (Clontech Laboratories, Palo Alto, CA, USA) and ligated into pPelican, replacing lacZ , to make pGreen Pelican. To make a nuclear-localized eGFP, a PCR product containing codons 84-122 of the female-specific transcript of the D. melanogastertransformer ( tra ) gene was ligated in frame into the Bsr GI site at the C-terminus of eGFP in pEGFP-1. This portion of the Tra protein has been shown to be a fully sufficient nuclear localization signal (3). The eGFP-traNLS chimeric reporter was then ligated into pPelican, replacing lacZ , to make pStinger.
When assaying genomic DNA fragments for transcriptional cis -regulatory activity, a minimal promoter, containing a TATA box and initiator sequence, is required for reporter gene activity in vivo. In some cases, such as when the Benchmarks native promoter of the gene of interest is undefined, it is simpler to use a heterologous promoter. In other cases, particularly when a regulatory element has not been separated from its native promoter, or when an enhancer has a "preference" for its native promoter (6) , it may be safer to use the native promoter of the gene of interest. The Pelican vectors are available with or without a minimal Hsp70promoter, which extends from -43 to +92 and includes a TATA box (15) . Every enhancer that we have tested to date will drive transcription from the minimal Hsp70 promoter.
The Hsp70 minimal promoter (hs43) was isolated from the plasmid pCaSpeR-hs43-β gal3 (15, 17) as an Xho I-Sma I fragment and cloned into the Xho I and Stu I sites of pPelican.
We have included a unique Spe I restriction site downstream of the reporter gene in the Pelican vectors, which may be useful for two purposes: ( i ) placing an enhancer downstream of the reporter and ( ii ) replacing the reporter with a gene of interest. This site was used to replace the lacZgene in pPelican with GFPto make the pGreen Pelican and pStinger vectors. The Pelican vectors can therefore be modified to serve as insulated gene misexpression vectors, which would be expected to show less position-effect variability than other such vectors, and may therefore require analysis of fewer transgenic lines.
We believe that these insulated GFP and β -gal transformation vectors will prove to be useful to investigators who use reporter genes to assay transcriptional cis -regulatory sequences in transgenic flies.
